Dykes, J. R. W., and Spencer-Peet, J. (1972) . Archives of Disease in Childhood, 47, 558. Hepatic glycogen synthetase deficiency: further studies on a family. A family with hepatic glycogen synthetase deficiency originally studied in 1962, was restudied 7 years later. Blood glucose concentrations were measured after glucagon administration, and both blood glucose and plasma cortisol were measured during periods of prolonged fasting and isocaloric carbohydrate-free diets.
The twins on whom the original diagnosis was made had an improved ability to maintain a normal blood glucose concentration, but still had episodes ofhypoglycaemia; their ability to store glycogen in the liver remained extremely poor. Two sibs still had both frequent episodes of hypoglycaemia, and a diminished capacity to convert glucose to glycogen; their ability to store glycogen in the liver was variable. A third sib was normal. No decrease in plasma cortisol concentrations was noted at any time in any of the children.
An increase in blood lactate concentrations after oral administration of glucose, and more particularly, of galactose, is a useful test in the differential diagnosis of hepatic glycogen synthetase deficiency. For definitive diagnosis a liver biopsy with assay of individual enzymes is essential. Lewis, Spencer-Peet, and Stewart (1963) described a family in which mentally retarded identical twins had glucose intolerance, developed hypoglycaemia with convulsions after an overnight fast, and gave an adequate blood glucose response after glucagon administered 3 hours after a meal but not in the fasted state. This last finding focused attention on the process of formation of liver glycogen, and a liver biopsy carried out on one of the twins revealed normal concentrations of UDPG pyrophosphorylase, phosphorylase, and glucose-6-phosphatase, but scanty glycogen and complete absence of activity of the enzyme glycogen synthetase. Histological examination of the liver biopsy sample revealed pronounced fatty change.
Two of the twins' sibs had fasting hypoglycaemia, glucose intolerance, and poor glucose response to glucagon in the fasted state.
At the time of the initial investigation it was not clear why deficiency of glycogen synthetase alone should bring about hypoglycaemia, and it was Bernard's Hospital, Southall, Middlesex. suggested that the absence of glycogen in the adrenal cortex in the fasted state might diminish the production of cortisol at a time when it was most needed to stimulate gluconeogenesis. Further studies have now been carried out on the family (a) to see if the ability to prevent fasting hypoglycaemia has improved with time, (b) to test out the powers of gluconeogenesis and to estimate plasma cortisol concentrations, and (c) to select a laboratory test which would be helpful in the differential diagnosis of the condition. The glucose intolerance in the twins and two of their sibs was attributed to the accumulation of this sugar behind the block in one of its principal pathways of metabolism, viz. its conversion to hepatic glycogen. Since the glucose not utilized for glycogen synthesis must be disposed of in some other way, an overloading of the glycolytic pathway with accumulation of lactic acid might be expected. Hence in this paper an attempt is made to verify this theoretical prediction by following the changes in blood lactate concentration after the administration of glucose, galactose, and glucagon. A comparison is made with the blood lactate values following the 558 administration of these substances in other types of glycogen storage disease, as described by SpencerPeet et al. (1971) , and also with the changes in blood lactate concentration after the ingestion of galactose in normal children. orally 2-0 g galactose/kg, and blood total reducing substance, blood glucose, blood lactate, and plasma insulin concentrations were followed at half-hourly intervals for periods of 3 hours. the 6-day period on the carbohydrate-free diet (see Table VII ). As can be seen from Table I and Table VII (Table I ) could be interpreted as indicating an improvement in glycogen stores. Certainly the normal plasma cortisol concentrations found in these children (Table IV) do not support the suggestion made in the earlier paper that gluconeogenesis is reduced because of an adrenocortical lesion. None the less, Dennis and Stephen, though they show some improvement, are still not able to maintain fully adequate blood glucose concentrations under stress (Tables I and VII) . This suggests either that children in this age group are still dependent on adequate liver glycogen stores to prevent hypoglycaemia or that, in this family, there is some defect in one of the factors (other than plasma cortisol values) involved in control of gluconeogenesis. Whatever increase in glycogen stores may have occurred with the passage of time, they are still not sufficient to produce a normal glucose response to glucagon (Tables II  and III) .
There is no obvious explanation for the results of the glucagon tests performed on John and Catherine (Tables II and III) , but it may simply reflect varying ability to store glycogen from time to time and from child to child. This variability perhaps is due to fluctuation in the concentration of an inhibitor or activator of the glycogen synthetase enzyme system rather than an actual absence of production of the enzyme protein itself. Since the original diagnosis was made in 1962, it is now realized that the enzyme system is much more complex (Smith, Taylor, and Whelan, 1968) . Hence abnormal fluctuation in one or more of the controlling factors may be at fault in these children and this might account for the variability in the glucagon test results, the small quantities of glycogen which were present in the original liver biopsy (Lewis et al., 1963) , and the possibility of an increase in the quantity of glycogen with the passage of time. Evidence for loss of normal enzyme control at this point may only be obtained from the examination BLOOD LACTATE mg/lOOmI 70-50-GALACTOSE K of fresh biopsy samples, collection of which is not anticipated.
In conformity with theoretical prediction the oral galactose load test gave more raised blood lactate and glucose concentrations in John, Catherine, Stephen, and Dennis than in normal children ( Fig. 1 and 2) , suggesting that the glycolytic pathway was being used as an alternative to glycogen storage. However, there is no obvious explanation for the larger overproduction of lactate after galactose as compared to glucose in these 4 children ( Table V and Fig. 3) .
Measurement of blood lactate concentrations after administration of glucose, galactose, and glucagon has been used in the differential diagnosis of various forms of hepatic glycogen storage disease (Femandes, Huijing, and van de Kamer, 1969; Spencer-Peet et al., 1971 conditions associated with deficiencies of enzymes involved in hepatic glycogen metabolism (Table VI) Ridley, 1971, personal communication) . The condition associated with deficiency of glycogen synthetase activity seen in this family is very rare. One other case described by Parr, Teree, and Larner (1965) died within a few months of birth, and had hepatomegaly and complete absence of glycogen from liver, muscles, and adrenal cortices, and absent activity of both glycogen synthetase and phosphorylase in liver and skeletal muscles.
While both our own case (Dennis) and Parr's case had fatty change in the liver, some of the features of the two are different: the former was not diagnosed until the age of 15 months; he had no hepatomegaly and there was some glycogen present in the liver biopsy and normal activity of phosphorylase. On the other hand, Parr's investigations were done on necropsy material which may have accounted for the absence of glycogen and phosphorylase. On balance it seems likely that the 2 cases are not identical, and that the family described in this paper may be unique in the world literature. 
